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Abstract
This thesis reports the investigations on the use of Cu and Mn Schiff base and peraza macrocyclic complexes as catalysts for selective oxidation of hydrocarbons viz., epoxidation, benzylic oxidation and cyclohexane oxidation. It also presents the studies carried out on the use of a new type of heterogeneous catalyst, Pd containing hydrotalcite, for carbon-carbon bond forming reactions viz., Heck reaction, Suzuki coupling and Sonogashira reaction. 6.1. Synthesis of Metal Complexes SalenH 2 and salophH 2 are the acyclic Schiff bases used in the investigations, while tacn, tmtacn, cyclen, tmcyclen and cyclam are the peraza macrocycles chosen as the cyclic ligands. The synthetic method used for the preparation of the peraza macrocycles and their N-methylation has been generalized for tacn ([9]ane N 3 ), cyclen ([12]ane N 4 ) and cyclam ([14]ane N 4 ). The Cu and Mn peraza macrocyclic complexes have been prepared as their perchlorate salts. Efforts to isolate oxalate bridged Mn peraza macrocyclic complexes were not successful. Adamantane like [Mn 4 O 6 (tacn) 4 ] +4 was isolated under basic conditions. Metal complexes were heterogenized by encapsulating them in zeolite -Y by the "flexible ligand" method. 6.1. Characterization of Metal Complexes The complexes were characterized by elemental analysis, UV-visible, FT-IR and EPR spectroscopy. UV-visible and EPR spectra suggest that the stability of the metal complexes increases with increase in ring size of the macrocyclic ligand and decreases on its N-methylation. The effect of encapsulation on molecular association and geometry has been studied by UV-visible and EPR spectroscopic techniques. The resolution in the hyperfine features in the EPR spectra reveals that isolated and monomeric complex species is present in the super cages of zeolite -Y. The higher g ?? f0 values for Cu(salen) and Cu(saloph) (2.269 for Cu(salen)-Y and 2.282 for Cu(saloph)-Y) and lower A ?? f0 values (163.3 G for Cu(salen)-Y and 160.0 G for Cu(saloph)-Y) confirm their square pyramidal geometry in zeolite cages with the zeolite framework providing the fifth coordination. Similar geometrical changes are observed with encapsulated Mn Schiff base complexes. In the case of the peraza macrocyclic complexes, the geometry of the metal complex depends on the size, number of nitrogen atoms and N-methylation. Comparing the EPR spectra of [Cu(cyclam)] +2 in frozen solution and after encapsulation it is concluded that the square planar geometry of the complex does not change significantly upon encapsulation. UV-visible and EPR studies reveal [Cu(cyclam)] +2 to be square planar, and [Cu(cyclen)] +2 and [Cu(tmcyclen)] +2 to be weakly pentacoordinated. The high g ?? f0 and low A ?? f0 values of [Cu(tacn)] +2 and [Cu(tmtacn)] +2 indicate a square pyramidal geometry for this complex. The shift in the d-d band to a lower wavelength supports such a molecular geometry. As no changes in the EPR parameters were noticed it is concluded that the structure of the complexes is unchanged on encapsulation. Except [Mn(tacn)] +2 , all the Mn complex molecules are monomers and isolated inside the zeolite cages. The retention of molecular geometry on encapsulation is also observed for Mn-peraza macrocyclic complexes. However, a lowering in symmetry of the complexes is observed. 6.2. Selective Oxidations with Metal Complexes as Catalysts Catalytic activities of both neat and encapsulated Cu and Mn complexes have been evaluated for styrene epoxidation and ethylbenzene oxidation using H 2 O 2 and tert-butyl hydroperoxide oxidants. Among all the complexes, only Mn(tmtacn) is catalytically active with H 2 O 2 oxidant. An oxalate buffer is necessary to improve the catalytic activity of [Mn(O)tmtacn]SO 4 during styrene epoxidation. The oxalate buffer not only reduces the decomposition of H 2 O 2 and but also helps in improving selectivity and conversion. Since the other Mn-peraza macrocyclic complexes did not possess catalytic activity with H 2 O 2 , it appears that neither the ring size nor N-methylation that regulates the activation of H 2 O 2 during the oxidation. The other complexes are catalytically active with TBHP oxidant for styrene epoxidation and ethylbenzene oxidation. All the catalysts possess about 30% selectivity for styrene epoxide, 50 - 60% for benzaldehyde and 5-10% for phenylacetaldehyde. Under similar experimental conditions, Cu complexes are found to be more active and selective compared to Mn complexes. Also, there is an enhancement in the activity of the Schiff base complexes when encapsulated in zeolite - Y. Among peraza macrocyclic complexes, better conversion and selectivity is observed only with [Cu(cyclam)] +2 for the epoxidation of styrene with TBHP. Oxidation of ethylbenzene with [Mn(O)(tmtacn)]SO 4 as the catalyst and H 2 O 2 oxidant in the presence of an oxalate buffer occurs with turnover numbers of about 250 with acetophenone as the major product. Peraza macrocyclic Cu complexes exhibit good catalytic activity in ethylbenzene oxidation. The type of the macrocyclic ring affects the product selectivity. Ring hydroxylation is more with "neat" tetraaza complexes than with triaza complexes. It decreases with different peraza ligands in the order: tmcyclen > cyclen > cyclam> tacn > tmtacn. Activity is suppressed and selectivity for AcPh is increased when the complexes are encapsulated. Both conversion and selectivity are comparatively smaller in the case of the Mn-peraza complexes. Ring hydroxylation is also observed to be more. However, the selectivity for AcPh improves on encapsulation. 6.3. Selective Oxidations With in situ Prepared Mn-tmtacn Catalysts The in situ prepared Mn-tmtacn complex exhibits excellent catalytic activity for the epoxidation of electron deficient, terminal and non-terminal olefins with H 2 O 2 . Enhancement in the catalytic activity is observed in the presence of carboxylate buffers. The nature of the buffer has a definite role in the activity of the complex. Ascorbate and oxalate buffers are found to increase the activity to a greater extent. Mn-tmtacn-oxalate buffer-H 2 O 2 system is found to be efficient for benzylic oxidation of aromatics. A change of either metal ion or peraza macrocyclic ligand does not constitute a good system. Only decomposition of H 2 O 2 is observed with the tacn complex and the other macrocycles do not exhibit any activity. The activity of in situ prepared Mn complexes is as good as isolated complexes. The Mn-tmtacn-oxalate buffer-H 2 O 2 system is not efficient for the activation of the C-H bond of alkanes (cyclohexane). It is concluded from in situ spectroscopic studies that the oxo-manganese complexes are the active species involved in catalytic oxidation. 6.4. Pd-Hydrotalcite, a New Catalyst for Selective C-C Bond Forming Reactions Pd(II) containing hydrotalcites, containing palladium in their structure, have been prepared with different Mg / Al and Pd / Mg ratios (Mg / Al = 2-3 and Pd / Mg = 0.01- 0.05) and characterized by elemental analysis, N 2 adsorption, powder XRD, etc. X- ray powder diffraction patterns reveal, in all the cases, the presence of a well-crystallized HT phase and most of the Pd(II) lying inside the brucite sheets of the hydrotalcite. The activity of the catalysts has been evaluated for Heck, Suzuki and Sonogashira reactions. The catalysts with a Pd loading of Pd / Mg @ 0.004 with Mg / Al @ 2.5 appear to be the most active ones with the turnover numbers exceeding 1000; these also underwent minimum leaching. To conclude, in general, Cu and Mn complexes with Schiff base and peraza macrocyclic ligands can be good biomimetic catalysts for selective hydrocarbon oxidations. However, they have limited activity towards the oxidation of alkanes. Palladium containing hydrotalcites are a new type of heterogeneous catalysts for carbon-carbon bond forming reactions. 
  	 




